Central noradrenergic (NA) signaling is broadly implicated in behavioral and physiological processes related to attention, arousal, motivation, learning and memory, and homeostasis. This review focuses on the A2 cell group of NA neurons, located within the hindbrain dorsal vagal complex (DVC). The intra-DVC location of A2 neurons supports their role in vagal sensory-motor reflex arcs and visceral motor outflow. A2 neurons also are reciprocally connected with multiple brainstem, hypothalamic, and limbic forebrain regions. The extra-DVC connections of A2 neurons provide a route through which emotional and cognitive events can modulate visceral motor outflow, and also a route through which interoceptive feedback from the body can impact hypothalamic functions as well as emotional and cognitive processing. This review considers some of the hallmark anatomical and chemical features of 3
Introduction
The mammalian brainstem contains several distinct groups of noradrenergic (NA) neurons that were initially described by Dahlström and Fuxe, who labeled the groups A1 through A7 as they extend from the caudal ventrolateral medulla through the rostral lateral pons (59). NA neurons collectively project throughout the central nervous system, and are broadly implicated in behavioral and physiological processes related to attention, arousal, motivation, learning and memory, and homeostasis. NA neurons are distinguished by positive immunolabeling for tyrosine hydroxylase (TH), the rate-limiting enzyme for dopamine synthesis, and dopamine beta hydroxylase (DbH), the enzyme that converts dopamine to norepinephrine (NE) (8) . Conversely, neurons comprising the A1-A7 cell groups are not immunopositive for phenylethanolamine N-methyltransferase (PNMT). PNMT catalyzes the synthesis of epinephrine from NE, and its presence is used to identify "adrenergic" neurons of the C1-C3 cell groups (59).
This review focuses on the A2 cell group, a fascinating collection of NA neurons contained within the dorsal vagal complex (DVC) in the caudal dorsomedial medulla (see Fig.   1 ). As discussed further, below, the intra-DVC location of A2 neurons supports their known involvement in vagal sensory-motor reflex arcs and vagal motor outflow to multiple visceral targets. Perhaps less well appreciated is the role of A2 neurons in processes as diverse as satiation, sickness behavior, affective state, endocrine and behavioral stress responses, immune-to-brain signaling, emotional learning, memory consolidation, and addictive drug dependence. A2 neurons participate in reciprocal connections between the visceral DVC and other medullary, pontine, diencephalic, and telencephalic brain regions that underlie these diverse processes. Direct projections from the cortex, limbic forebrain, and hypothalamus to the region of the A2 cell group provide a route through which emotional and cognitive events can modulate visceral responses to diverse threats and opportunities to which the organism is exposed, including conditioned responses that are based on past experience (193, 225) . In turn, ascending projections from A2 neurons provide a route through which interoceptive feedback from the body impacts not only hypothalamic functions, but also emotional and cognitive processing (21, 141, 211, 225) .
The neuroanatomical and phenotypic features of A2 neurons will first be considered in this review, followed by a summary of evidence that A2 neurons provide a critical brain-body interface linking emotional/cognitive events with physiological support, especially during stressful events that challenge bodily homeostasis. This general theme will be supported by briefly reviewing the involvement of A2 neurons in food intake, affective behavior, stress responses, emotional learning, and drug dependence. Most of the information reviewed in this article was derived from studies using rats and, to a lesser extent, mice; however, central NA circuits are highly conserved across mammalian species. Thus, understanding the functional organization of the A2 cell group in rodents has clinical relevance, and should contribute to a better understanding of stress-related physiological and emotional dysregulation in humans.
Anatomical and Neurochemical Features
Location of A2 neurons. The A2 cell group is centered within intermediate and caudal levels of the nucleus of the solitary tract (NST) (Fig. 1 ), referred to as the "visceral" NST to distinguish these levels from the more rostral "gustatory" NST (143) . The visceral NST is a key component of the DVC, which also includes the area postrema (AP) and dorsal motor nucleus of the vagus. The DVC is a critical central node for controlling hormonal and autonomic outflow, and relaying interoceptive feedback from body to brain (201, 205, 206, 291) . The AP and a significant portion of the medial NST underlying the AP contain fenestrated capillaries, allowing blood-borne factors (e.g., hormones, toxins, cytokines) to affect A2 and other neurons local to this region. Within the DVC, AP neurons innervate the subjacent NST, and NST neurons innervate other NST neurons as well as vagal preganglionic parasympathetic neurons whose cell bodies occupy the dorsal motor nucleus of the vagus and whose dendrites ramify widely within the NST (239) . All three components of the DVC also receive extrinsic neural inputs from the periphery and brain, described further, below.
Although the A2 cell group is centered within the visceral NST, A2 neurons are not confined to cytoarchitecturally-distinct NST subnuclei. Instead, they form two bilaterally symmetrical loose linear columns of medium-sized ovoid or multipolar cells that extend rostrocaudally through the visceral NST (232) (Fig. 1) . A2 neurons are most prevalent within the medial subnucleus of the NST at the rostrocaudal level of the AP, but they also exist within the NST commissural subnucleus at the level of the AP and more caudally. Further, some A2 neurons are located within and just lateral to the cytoarchitectural boundaries of the dorsal motor nucleus of the vagus (232 
Extrinsic Inputs and Axonal Projections
Sensory inputs to A2 neurons. In addition to local axonal inputs from the superjacent AP that are positioned to relay blood-borne signals to A2 neurons (54, 118, 238), the A2 region of the visceral NST receives sensory feedback from the cardiovascular, respiratory, and alimentary systems (119). These visceral sensory inputs arrive predominantly via glutamatergic glossopharyngeal and vagal afferents whose central axons converge in the solitary tract before synapsing with the dendrites and somata of NST and vagal motor neurons (5, 14, 208, 246) . In mice, approximately 90% of A2 neurons receive direct synaptic input from visceral afferents in the solitary tract (6) . These glutamatergic inputs produce tightly synced, large-amplitude excitatory postsynaptic currents in A2 neurons, providing high-fidelity transmission of sensory afferent activity (6) . Other visceral and somatic sensory inputs are relayed to the A2 region of the NST from the spinal cord, trigeminal and related nuclei, and reticular formation (5, 7, 71, 152, 153) .
Given the diversity of sensory inputs received by A2 neurons, it is not surprising that they respond to a broad array of interoceptive signals, including hormonal, osmotic, gastrointestinal, cardiovascular, respiratory, and inflammatory signals (20, 23, 43, 45, 66, 77, 97, 112, 120, 167, 168, 201, 202, 207, 212, 213, 230) . In these and many other studies, stimulus-induced A2 neuronal "activation" is characterized by immunocytochemical localization of the immediate-early gene product, Fos, together with immunolabeling for TH or DbH.
Increased Fos immunolabeling alone cannot reveal the circuits through which A2 neurons are recruited by a given stimulus or event, but they are consistently activated by treatments or situations that present actual or anticipated threats to bodily homeostasis. In many cases the relevant information is communicated to A2 neurons by visceral sensory afferents, but in other cases A2 neurons appear to be recruited by descending inputs from the hypothalamus and limbic forebrain (30, 67, 68, 137, 138) . These inputs are reviewed in the following section. (Fig. 3) , lateral hypothalamic area, median preoptic nucleus, subfornical organ, supraoptic nucleus, CeA, alBST, substantia innominata, and nucleus accumbens (NAcc) (14, 46, 82, 96, 104, 105, 116, 121, 158, 199-201, 232, 253, 254, 272) .
Regarding the central targets of A2 axonal projections, it is useful to know that synaptic junctions may not be the primary release site for NE and other signaling molecules that are synthesized by A2 neurons. TH-and DbH-positive NA terminals within the PVN and other brain regions targeted by A2 neurons have been observed to form "classical" type I and type II synaptic inputs to postsynaptic structures; however, the incidence of non-synaptic NA varicosities in these regions is much higher (15, 46, 82, 175, 187, 190) . Thus, A2 neurons may release their transmitter synaptically and in a paracrine manner, requiring that NE and other costored transmitters must diffuse short distances through the extracellular space to bind to cognate receptors [cf. (190) ].
A subset of individual A2 neurons have axon collaterals that innervate both the PVN as well as the CeA and/or alBST in rats (16, 20, 185, 234) . In addition, some A2 neurons project both to brainstem autonomic regions and to limbic forebrain targets (197) . Interestingly, however, different brainstem autonomic regions appear to be targeted by different sets of A2
neurons (111), suggesting a higher degree of anatomical specificity for brainstem projections vs.
hypothalamic and limbic forebrain projections of A2 neurons.
A2 axonal projections that ascend rostrally beyond the medulla do so primarily within the ventral noradrenergic bundle (VNAB) (4, 95, 156, 160, 231, 250, 276 ). It's relevant to note here that non-NA projections from the NST to the caudal ventrolateral medulla (111) allow visceral signals to recruit NA neurons of the A1 cell group (14, 111, 123, 260, 286) , located at the same rostro-caudal level as the more dorsally-situated A2 cell group. Some A1 and non-NA neurons within the ventrolateral medulla project back to the DVC (157) to participate in vagal motor outflow to the stomach (109, 110) and presumably other visceral targets, but the axons of many A1 neurons join A2 projections within the VNAB (44, 230, 232) . The extent to which A1 and A2 projection targets are similar or distinct remains ripe for investigation, although there is evidence that they target phenotypically distinct neurons and subregions of the PVN and supraoptic nuclei (195, 196, 232) . In the absence of specific evidence to discriminate between A1 and A2 neurons, a conservative approach dictates that projections and functions ascribed to either cell group should be considered likely shared by the other. The following sections review several examples of functions in which A2 neurons have been implicated, but the reader should consider that A1 neurons also are likely to be involved in at least a subset of these functions.
A2 Neurons and Food Intake
Central NA signaling pathways, including those that arise from A2 neurons, appear to be neurons in rats appear to be activated in every experimental situation in which food intake is inhibited, including normal satiety (37, 115, 203, 207, 262) . A2 neurons are recruited in a graded manner in rats after voluntary food intake, such that larger meals activate larger numbers of A2 neurons (207) . Not only are A2 neurons robustly activated in rats after systemic administration of cholecystokinin octapeptide (210, 213) (Fig. 4) , they are necessary for the ability of cholecystokinin to inhibit food intake and to activate neurons within the hypothalamic PVN (203) .
A2 neurons also contribute importantly to the hypophagic effect of lithium chloride (209) . Food intake is reduced in rats after central administration of PrRP (134) or nesfatin-1 (174), each of which is co-expressed by A2 neurons (23, 52). A2 neurons are robustly activated by experimental treatments or situations that produce hypophagia or anorexia as a part of the depressive-like "sickness behavior" produced by systemic infection or visceral malaise (23, 96-98, 201, 202) . These conditions also are associated with inhibition of vagally-mediated gastric emptying, which likely underlies or contributes to hypophagia (37, 202, 203) . The potential involvement of A2 neurons in other aspects of food intake and regulation of body energy homeostasis are the subject of a recent review (201) .
A2 Neurons, the LC, and Affective Behavior
The trajectory and targets of NA fibers within the VNAB are distinct from those of the dorsal noradrenergic bundle, which originates from neurons within the pontine LC (A4 and A6
cell group regions). The vast majority of publications considering the role of central NA signaling in stress, cognition, and affective processes emphasize the LC and its projection targets, and either disregard or downplay the contributions of A2 neurons and their projections.
The LC is assumed to be the principle source of the central NA signaling that underlies not only behavioral arousal but also HPA axis hyperactivity associated with stress (48-50, 289) as well as the dysregulated NA transmission that contributes to diverse models of stress vulnerability and affective disorders (9, 51 (114) . Indeed, LC lesions appear to increase, rather than decrease, novelty-induced fear and anxiety in rats (103, 148) .
Moreover, in one study, LC lesions increased the antidepressant-like effect of reboxetine (a NE reuptake inhibitor), whereas VNAB lesions abolished the drug's antidepressant effects (53).
These results invite a continued expansion of research into the role of A2 neurons and their central projections in affective behavior. responses to stressful and emotional stimuli, including stimuli that evoke fear and anxiety (223) .
A2 Neurons and Stress Responses
Enhanced NA transmission in human subjects is associated with enhanced HPA axis responses to stress, which may contribute to the psychopathology of depression, anxiety, and other affective disorders (128). The hindbrain A2 cell group appears to be a fundamental player in these central mechanisms, as summarized in the following sections.
PVN: Most hypothalamic NA input arrives from medullary NA cell groups. A2 neurons appear to selectively target the mpPVN (55, 230, 232), although axonal projections from the A2 region to the lateral magnocellular PVN also are common (see Fig. 3 and discussion in the following section). The necessity of NA inputs for HPA axis responses to stress appears to vary across different types of stress stimuli (20, 66, 137, 224, 229) , but NA input to the mpPVN, arriving via the VNAB, provides the major known stimulation for CRH synthesis and release (65, 181, 192, 250, 283) . CRH is the principal and obligate hypophysiotropic peptide driving the pituitary-adrenal axis under basal conditions and in response to homeostatic challenge (192, 274) .
In rats, stressful stimuli that activate A2 neurons and recruit the HPA axis also activate hypothalamic oxytocin (OT) neurons (177, 178, 206, 263, (267) (268) (269) . CRH and OT neurons receive direct synaptic input from NA terminals, and NA inputs increase CRH and OT excitability (3, 4, 22, 113, 155, 192, 195, 196, 217, 285) . 
A2 Neurons and Emotional Learning
The effectiveness with which emotionally significant experiences are encoded into longterm memory is dependent, at least in part, on interoceptive feedback from body to brain, and increased NA signaling within the limbic forebrain is strongly implicated in emotional learning 
A2 Neurons in Drug Use and Dependence
Central neural adaptations elicited by exposure to addictive drugs are not limited to brain reward circuits, but also are manifest in stress-related pathways that are implicated in addiction (173) . For example, rats dependent on morphine display increased enzymatic activity of A2 neurons and increased NA turnover within the PVN, concurrent with enhanced activity of the HPA axis that depends on NA input (18, 92, 131, 132, 172). In addition, medullary NA inputs to the alBST, CeA, and NAcc are critical for the aversiveness of acute opiate withdrawal, and for stress-induced relapse of drug seeking for opiates, cocaine, ethanol, and nicotine (11, 24, 36, 69, 78, 145, 244, 293) . NA inputs to the alBST trigger GABAergic inhibition of alBST neurons that project to the ventral tegmental area, which likely contributes to the inhibition of DA neurons that occurs during opiate withdrawal (78). Thus, common inputs to the hypothalamus and limbic forebrain from the A2 cell group could be a critical factor linking these brain areas in circuits that underlie drug use and dependence (102, 236, 237) . Even 5 weeks after opiate withdrawal, neurons within these limbic forebrain regions remain hypersensitive to drug-related cues and stress, which may drive behavior away from the pursuit of natural rewards such as food and sex and towards drug-related rewards, to thereby perpetuate a cycle of drug addiction (102) .
Clinical observations of former opiate addicts revealed a prolonged hyper-responsiveness to stress, including altered cortisol release (129), that may be at least partly due to altered function of A2 signaling pathways. For example, A2-to-NAcc projection neurons are similarly activated by noxious visceral stimuli and by precipitated opiate withdrawal (69, 117), and the same projection pathway is implicated in cannabinoid modulation of NAcc activity and cannabinoidinduced aversion (38, 39).
Increased NA release within the extended amygdala continues to influence stress and anxiety systems in the brain for some time following acute drug withdrawal, even after somatic signs dissipate (91) . Interestingly, conditioned preference for morphine is absent in DbH knockout mice in which NE synthesis is interrupted, but preference is restored if DbH is rescued to restore NA signaling within and from the NTS, but not the LC (176) . Repeated nicotine selfadministration increases NA receptor sensitivity in the PVN, and also enhances HPA function (290) . Collectively, it seems that NA signaling from the A2 cell group to the hypothalamus and limbic forebrain contributes to mechanisms that support drug seeking and self-administration, increased anxiety during drug abstinence, altered reward processing (i.e., dysphoria), and the general relationship between the use of mood-altering drugs and mood disorders (12, 38, 78, 131, 176, 244) .
Conclusion
The diverse challenges and opportunities of life elicit a constellation of autonomic, 
